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.# +H8
- $ .  2 - 2  M0 9.0
2. +0(  Xμ(τ, σ)  + ) R1,3 2 
Xμ(τ, σ) = xμ0 + e
μ
0 (a0τ + b0σ) + u(σ) · eμ(ωτ) + u˜(σ) · e´μ(ωτ). !<"
K(
eμ(ωτ) = eμ1 cosωτ + e
μ
2 sinωτ, e´
μ(ωτ) = −eμ1 sinωτ + eμ2 cosωτ,
 e0, e1, e2, e3 ?6H 2 ?6  R
1,3
 2/2
62 ημν = (eμ, eν) = XRT` (1;−1;−1;−1) ?&( σ0(τ) < σ < σn(τ) 68
2. +2 σ 6& .2 20 / σ = σi(τ)# i =
0, 1, . . . , n# 0 .  R1,3 2H 
xμ = xμi (τ) ≡ Xμ(τ, σi(τ)); !D"
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+ i = 0 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    1 H n8 /
Xμ(τ∗, σn(τ∗)) = Xμ(τ, σ0(τ)) !@"
 ??6 2 +0 
 +2 τ  τ∗# 0.-  &8
 62. 2 +0 !@"# .6 92 τ∗ = τ∗(τ) m@n 
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 !<" 7$
σi(τ) = σi = GZOSP, i = 0, 2, . . . , n; τ∗ − τ = 2πθ = GZOSP, !B"
miω
γ
[
x˙2i (τ)
]−1/2 = hi = GZOSP, i = 1, 2, . . . , n !E"
.&.H. 2# +/2 ?6 + ?- 21 +&1(
σ0 = 0, σn = 2π.
:$.
u(σ) =
⎧⎪⎪⎨⎪⎪⎩
A1 cosωσ + B1 sinωσ, σ ∈ [0, σ1],
A2 cosωσ + B2 sinωσ, σ ∈ [σ1, σ2],
. . .
An cosωσ + Bn sinωσ, σ ∈ [σn−1, 2π],
!F"
 +?.  u˜(σ) = A˜i cosωσ + B˜i sinωσ# σ ∈ [σi−1, σi] +#  0 +68
 2H 6  &.0 σ = σi !+6$.0 2 mi" 
:$. !<" .&.. 92  1. 
∂2Xμ
∂τ2
− ∂
2Xμ
∂σ2
= 0,
  .0 20 / !D" !i = 1, . . . , n− 1"
mi
d
dτ
x˙μi (τ)√
x˙2i (τ)
+ γ
[
X
′μ(τ, σi − 0)−X ′μ(τ, σi + 0)
]
= 0, !="
mn
d
dτ
x˙μ0 (τ)√
x˙20(τ)
+ γ
[
X
′μ(τ∗(τ), 2π) −X ′μ(τ, 0)] = 0, !C"
 &. &.2 2&(
(X˙ ±X ′)2 = 0 !J"
!6( X˙μ ≡ ∂τXμ# X ′μ ≡ ∂σXμ"# & 6/. +2 ω# θ# σi# hi# Ai# Bi
.6 +2 1 9.2 m<n 
	&. + 2 +0 Xμ(τ, σ)  &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( 7$ u(σ)  u˜(σ) + σ = σi"# & 62. !@" 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.
!="# !C" +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b0 = −θa0 !<>"
  &H- 2  &( 6+0  2/2 
Ai =
(
Ai
A˜i
)
, Bi =
(
Bi
B˜i
)
, i = 1, . . . , n !<<"
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21& 7$ u(σ)  u˜(σ)A
Ai+1 = (1 + hiCiSi)Ai + hiS2i Bi, Bi+1 = −hiC2iAi + (1− hiCiSi)Bi, 1 ≤ i < n.
!<D"
A1 = Mθ(CAn + SBn), B1 = Mθ
[
− (S + hnC)An + (C − hnS)Bn
]
. !<@"
K(  1 +&(6H. ?6/. Mθ =
(
Cθ −Sθ
Sθ Cθ
)
#
Ci = cosωσi, Si = sinωσi, C ≡ Cn = cos 2πω, S ≡ Sn = sin 2πω,
Cθ = cos 2πθω, Sθ = sin 2πθω, ci = cosω(σi − σi−1) si = sinω(σi − σi−1).
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0 9 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. 
 m<n
2(Cθ − C) + S
n∑
i=1
hi −
∑
i<j
hihj sinω(σj − σi) · sinω(2π − σj + σi)+
+
∑
i<j<k
hihjhk sinω(σj−σi)·sinω(σk−σj)·sinω(2π−σk+σi)−· · ·−(−1)n
n∏
i=1
hisi = 0.
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 !J"A
ω2(A2i + B
2
i + A˜
2
i + B˜
2
i ) = a
2
0(1 + θ
2), i = 1, . . . , n; !<E"
ω2(A˜iBi −AiB˜i) = a20θ, i = 1, . . . , n. !<F"
	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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8
2#  i = 1 &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#  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θ = 0,
?2 6( +$&&(2  ?& +6  ? m<n#  +8
H 2 -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 # 2H- 72 ?l.
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2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2 !<D"# !<@" 21 6( &?$ B1 /6 A1 !+& 21 8
?( +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"A
B1 =
−C∗A1 + SθA˜1
S∗
, B˜1 = −SθA1 + C∗A˜1
S∗
. !<="
<@B    
K( 1.
C∗ = C − Cθ − h1C1(SC1 − S1C − h2s2s3)− h2C2s3,
S∗ = S − h1S1(SC1 − S1C − h2s2s3)− h2S2s3
+ &. &/. n = 3# +0  n = 2 ?+/. 2 s3 = 0 
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/ !<="  + . !<E"# !<F" +  2 8
.2# 6 0 & 
C2∗ + S
2
∗ + S
2
θ
S∗Sθ
=
1 + θ2
θ
. !<C"
K/. +2 ω !?6620 /"# θ# σ1, . . . , σn−1 & 08
( 6 2  !<B"# !<C"# +& n− 1 .2
Ci(hiCi+2Si)(A2i +A˜
2
i )+Si(hiSi−2Ci)(B2i +B˜2i ) = 2(C2i −S2i −hiCiSi)(AiBi+A˜iB˜i),
!<J"
 6.2  !<E"# +?62  /2 !<D" 
2   2   12 &. +&1 &/
n = 2  M2 . !<B"  !<C" 2H  
2(Cθ − C) + (h1 + h2)S − h1h2s1s2 = 0, !D>"
2S + (h1 + h2)C − h1h2c1s2 = Sθ(θ + θ−1). !D<"
 n = 2   !<J" +& + !<=" . 
+2 
sin
[
2ω(π − σ1)
]
= 0
 +&. &H- ? +20 6/ σ1A
σ1 = π +
πk
2ω
, k ∈ Z, |k| < 2ω. !DD"
	.# .6H- 2 mi   20 / vi# &H
6  !E"# !<E"# !<F"# !<C"A
a0 =
m1ω
γh1
√
1− v21
= · · · = mnω
γhn
√
1− v2n
, !D@"
v21 = θ
S − h2s1s2
Sθ
, v22 = θ
S − h1s1s2
Sθ
, (n = 2). !DB"
2  !D>" h !DD"#   ??-H-.   &/ n > 2 8
2 !<B"# !<C"# !<J"# 2 / ? 9 !ω, θ, σi"# 1 6 0
/ +&2 + .. !<" 6&/ + 9 !<" 68
&/H. /&2  +&12 / 6 -H-. +$&
!/. t = GZOSP 2 +0"#  1.  (H  
&7$H M0 9 +2  20 +&1  +08
 m<# @n#  2# + 70 6/.0 γ# a0 &. 6 +&8
/ + 9. !<" 22 +& mi → 0  M2 +& &/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hi 2..  &H#  vi 2..   #  6/. +28
 2ω  2ωθ 2..  $&2 /&2 m<n# &. 0 2 2 &H-
?6/.A
n1 =
∣∣∣ lim
mi→0
2ω
∣∣∣, n2 = lim
mi→0
2θω. !DE"
 &  |θ| < 1  & !<B"# !DD"# +.-0  
(−1)n1 = (−1)n2 = (−1)k !$& /& n1# n2  k &1 2( H
/("# &9( &H- 6/. +2 !DE"  k 6 !DD" +2A
n1 ≥ n, n2 = n1 − 2, n1 − 4, . . . 2− n1,
k = n1 − 2, n1 − 4, . . . 2− n1. !DF"
? $&0 /& !n1, n2, k"# /0 &.2 !DF"# +&. 8
6/ +&/ + $0 . !<" + n = 2  M2
+2 k / 6 +&1 20 /#  n1  n2 6H 72
  +& mi → 0  +$&  n1 /2 6 
(3,1,1) (4,2,0) (4,2,2) (5,1,3) (2,0,0) (2,0,0)c
   % 	  %& ! 0  	#	  	 (n1, n2, k)
2 $0 . !<" !/. t = GZOSP 2 +08
" +   <  62 H-0 6/ n1# n2# k !DD"#
!DE" ?6/ +6$ 20 /  / .. .&.H.
+$&&(2  /H n = 2 2 ω  θ &. M0 .
+& 6 2 0  !D>"  !D<" + 60 6/.0 +8
2 m1 = m2  k  !DD"r 6/. &(0 +2  6  !<D"#
!<="# !D@"# !DB" 
&  6 +60   < .# 06H. 6/2
θ = 0 !&&(# n2 = 0"  +&.H  &  $8
&( .. 
; @$ %&%6&==
$ .. !<"# 062 6/2 +2 θ = 0 
&2 .2 20 / !vi = 0"# ?2 6( &2 
<@F    
 +H 2 - 2H- +.2&H 72 &(8
 6 &1 62  q .. 21 2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